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AW%%CT

Fallout simulant particles ranging in size from 177 to 350 and 350
to 590 microns were deposited on selected typical roof sections 48 ft long
by 8 ft wide to determine the effect of water flow rate, slope, and sur-
face type on veshdown effectiveness . More than 90 % of the simulant can
be removed on composition shingles, aluminum shingles and roll roofing
at slopes of 1:12 or steeper with 2 to 3 gallons of water per min per ft
of roof width (gpm/ft). It was found that washdown is ineffective on
tar and gravel roofing without prior removal of the loose gravel. Wash-
down on a fiberglass epoxy laminated roof will remove better than 99 %
of the simulant particles with a water flow rate as low as 1 gal/min/ft.



SUMMARY

Problem

To develop design criteria for roof washdown systems for existing
and new construction.

Findings

Two size ranges of simulated fallout particles were studied on
four typical roofing surfaces and two experimental surfaces. A tar and
gravel surface was by far the most difficult surface to wash free of
fallout particles. At a slope of 1:12 and a water flow of 8.0 gal/min/ft
of roof width 45 % of the fallout remained. With a water flow of 4.0
gal/min/ft 61 % of the fallout was retained.

Of the other 5 surfaces tested, composition shingles showed the
highest percentage of residual. A slope of 1:8 or higher and a water
flow rate of at least 4 gal/min/ft of width are required on this sur-
face to reduce the residual mass to less than 10 %. These same condi-
tions on the composition roll roofing and the aluminum shingles reduced
the residual to 5 % or less. A flow rate of only 2-1/2 to 3 gal/min/ft
of width is required on the aluminum shingle at a slope of 1:8 to give,
at most, 10 % residual mass and 2 to 2-1/2 gal/min/ft of width on the
roll roofing. The fiberglass epoxy laminated roof at a slope of 1:8
was washed clean of all but 1/2 % or less of the fallout with a water
flow of only I gal/man/ft of width.
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1. INTRODUCTON

1.1 Background

Washdown during a contaminating event as a radiological counter-
measure was first developed in this country to minimize the contamination
of Naval ships. Basic experiments on a water curtain for ships began in
1950 with tests on foot square painted steel plates. I The studies were
continued2 , 3 until the ship washdown systet was successfully developed
and proof-tested during Operations Castlep Wigwam, 5 and Redwing.6

Washdown was first applied to the removal of simulated land fallout
from roof surfaces by Owen in 1953, using fluorescent particles for fall-
out on five different roofing materials, at two water flow rates and at
one slope. 7  These tests indicated tbat a washdown system could be de-
signed for effective removal of radioactive fallout from roofs.

In 1957 studies 8-12 were begun to define the basic transport charac-
teristics of water films in relation to particle size, water-flow, slope,
and roofing surface. Work was also initiated in 1957 on the feasibility
and applicability of roof ashdown systems.13 This work, developed some
basic requirements for washdown on roofing surfaces such as the water
flow required for initial wetting of the surfaces and the minimum flow
required to maintain coverage for three test surfaces at two slopes. A
cost analysisl 3 showed this washdown system would cost only a fraction
4s much as a concrete roof of sufficient thickness to give the same pro-
tection. A basic washdown system was proposed which contained a recir-
culating water system that would assure ashdown protection even if the
water supply to a building was cut off by a nuclear detonation.

A smll scale apparatus was ccnstructed by Kehrer and Clark in
1958 to study the complete recirculating roof ashdown system. Two
roofing surfaces 1-1/2 ft wide x 8 ft long were tested at various slopes
and one water flow rate using an ambrose clay loam fallout simulant con-
taminated with lanthanum 140. More than 50 % of this simulant bad a
particle diameter of less than 74 microns. These tests proved the system
was effective in reducing the contamination substantially on both compo-
sition shingles and composition roll roofing.
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A settling tank in the recirculating system was effective in seperat-
iug out most of the simulated fallout when the tank was large enough to
provide a retention time of .0 minutes, i.e. a volume 10 times the number
of gallons per minute flowing into the tank. A filtration unit with a
fiberglass mat filter proved very effective in removing the fine Particles
which passed through the settling tank. The compactness of the equipment,
however, influenced the reliability of the results of this experiment
because of the high background radiation coming from the fallout disperser.
Thereforep it vas not possible to conduct a comprehensive study of the
many variables involved such as fallout particle size. surface type,
slope of the roof and the water flow rate.

A full scale roof washdown test facility was then designed and con-
structed at Camp Parks, Pleasanton, California to provide the facilities
necessary to conduct full scale test to study these relationships.

1.2 Wasbdown Limitations

Reduction of a building's interior dosage by roof washdown can only
be effective when the roof contemination is the dominant source. A
building with high mass walls and light roof structure can give adequate
protection by removing the roof contamination with an effective ashdown
system. However, washdown would be of little value on a building with
light wall construction when the occupants are required to remain in
close proximity to the walls. The protection of such a building structure
may be adequate if the occupants are confined to the center of the building
which has a large floor area.

In the computation of dosage reduction expected from roof washdown
on a specific building structure the contribution from "skyshine" should
be included. It is the assumption here that the situation first described
is the one to which the results of this report will pertain.

1.3 Objective

To obtain the data required to develop engineering and performance
specifications for complete operational roof ashbdown systems for exist-
ing and new construction.

The specific objective of the studies covered by this report is to
determine vashdown effectiveness in removing fallout particles of speci-
fic size ranges from typical roofing surfaces at various slopes and water
flow rates.
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1.4 Aproach

The ashdown effectiveness in removing simulated fallout particles
from typical roofing surfaces were studied under various conditions to
determine the optimum water flow rate and surface slope. Non-radioactive
silica particles were used in these studies and the removal effectiveness
was determined by gravimetric analytical methods. The test parameters
included:

1. Test surfaces: Tempered pressed board, aluminum shingles, com-
position shingles, fiberglass epoxy laminate, roll roofing, and tar and
gravel.

2. Water flow rates: Maximum, 8.0 gal/min/ft of width, minimum,
0.3 gal/mn/ft of width.

3. Surface slopes: 1:24 (1 ft vertical to 24 ft horizontal); 1:12;
1:8; 1:6 and 1:4.

4. Fallout simu.ant particles sizes: Fallout particle size will
vary with distance from ground zero so an efficient roof washdown system
should be capable of removing all sizes of particles that might occur
during a contaminating event. Irregularly shaped river bed silica (op. gr.
2.63) with rounded corners ws chosen for the fallout simulant. To simp-
lify this study the following five particle size ranges were selected:

Fallout Simulant U. S. Bur. of Stds.
Dia. in Microns Sieve No.

590 to 1190 30 to 16
350 to 590 45 to 30
177 to 350 80 to 45

88 to 177 170 to 80
44 to 88 325 to 170

The ranges were selected to cover the sizes of greatest concern in a
practical number of fractions. In the selection of these particle ranges,
a compromise had to be made between very narrow fractions that would react
as one particle size and the ease of selaration from commercially avail-
able silica sand using standard sieves.

The first and second series of roof washdown tests were conducted
on the 177-350 g and the 350-590 p particle size ranges and are covered
by this report. Sieve analyses of the simulant particles used in these
studies are given in Appendix A.
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2. TEST IQUIBFMT AND INSTJW3ENTATION

2.1 Test Planes

The test surfaces were mounted on two planes, each 24 ft wide x
48 ft long and supported by rigid frames. Each plane could be tilted
to any slope from 0 to 1:4 (Fig. 1) by a hydraulic system. Each plane
was divided into three sections, formng six areas 8 x 48 ft to accom-
modate six different roofing materials (Fig. 2 and 3) as follows:

1. Tempered pressed fiberboard (trade name, Masonite).* 1/4 in.
x 4 ft x 8-ft sheets were installed with the 8-ft dimension across the
width of the plane. The butt joints between the sheets were filled
with epoxy resin and sanded to a smooth finish (Fig. 2).

2. Aluminum shingles,** commercial interlocking roofing (Fig. 4).

3. Composition shingles, commercial roofing (Fig. 4).

4. Fiberglass epoxy laminate.*** One sheet of fiberglss was
bonded to a plywood base with an epoxy laminating resin. The two-com-
ponent epoxy resin*N* was mixed in equal volumes and worked into the
fiberglass with a rubber squeegee. After the sheet was completely
saturated and smoothed out it was allowed to cure overnight. The lap
joints were then sanded smooth and a brush coat of the resin applied.
A black pigment was added to this top coat to make simulant particles
easy to see (Fig. 3).

p 5. Roll roofing. 90-1b mineral paper was applied on a mop-tarredplywood bae(~ 3).

6. Tar and gravel. 5-ply, 15-1b felt paper was tarred and graveled,
approxitely 2.3 Ib of gravel/ft 2 (Fig. 3).

All roofing surfaces were installed over 3/4-in. exterior grade
plywoodl. The masonite was chosen as a smooth surface for comparative
purposes. later a plastic surface was installed as a practical version

*Manufactured by U.S. Piywood Co.
**Manufactured by Aluminum Lock Shingle Co., Oakland, Calif.
***For simplification and because the finished surface is the epoxy

resin., the test surface will be referred to as "plastic" throughout
the balance of this report.

K*KKIsminating epoxy resin manufactured by Epoxy Coating Co., South
San Francisco, Calif.



Fig. 1 Test Planes. No. 1 Raised to 1:4 Slope
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Row ,

Fig. 2 Test Plane I With Surfa~ces Mounmted: Tempered Pressed Board,
Aluminum Shingles, and Composition Shingles



Fig. 3 Teut Plane 2 With Surfaces Mounted: Fiberglass E2poxy Resin Leaminate

(Plastic), Cccipositiofl Roll Roofing, Mar and Gravel
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Fig. 4 Test Surfaces.

A. Aluminum Shingles
B. Composition Shingles
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of a "near ideal" surface. The standard roofing materials were installed
by roofing contractors using the same standard procedures insofar as the
special construction of the test planes would permit.

2.2 The Water System

A recirculating water system was used in these tests. This system
consisted of a settling and filtration tank and piping for returning the
water to the test surfaces (Fig. 5). The tank for each surface was 4-1/2
ft wide x 5 ft high x 10 ft long, with a capacity of about 1350 gal.
These were designed to hold two banks of filters, each consisting of 4
commercial 2 x 2-ft air filters with 3/16-in. thick fiberglass filter
media* folded in an accordion pleat design to give 25 ft 2 of filter sur-
face area. It was found during preliminary tests that only one bank of.
4 filters is needed to remove the particle sizes covered by this report.
These filters were needed only during the periods of preparation for the
runs and during the clean-up period after a test run because the fallout
was caught in the sieves during the test runs.

The washdown ater was pumped from the tanks to headers which were
1-1/2-in, pipes located across the 8-ft width at the top of each test
surface. These headers, identical for all test surfaces, were mounted
about 6-in. above the planes and were provided with fittings to accom-
modate 2, 4 or 8 nozzles (on 4-ft, 2-ft, or 1-ft spacings).

Flooding type nozzles** were used to create a continuous film of
water on the surface (Fig. 6). The water pressure was measured by pres-
sure gauges in the headers. The water flow rate was determined from
pressure-volume charts obtained by calibration runs on each surface.

The washdown water for the tar and gravel surface only, flowed first
into a 1 x 1-1/2 x 8-ft stilling basin mounted on the upper end of the
plane, then flowed (not sprayed) onto the tar and gravel surface. This
eliminated the piling up of loose gravel by the high velocity streams,
and the hindrance of flow down the plane.

2.3 Fallout Disperser

A fallout dispersal system was designed to deposit continuously a
uniformly distributed layer of fallout over the test surface. The system
consisted of 88 individual dispersers mounted on the ceiling of the
building (Figs. 7 and 8) 24 ft above the planes when they were in the
horizontal position. During operation, a continucasm metered amount

*Airmat O, manufactured by American Air Filter Co.
**"K" series, manufactured by Spraying Systems, Inc.
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TO TEST SURFACE

WATER VOLUME FROM TEST

CONTROL BY-PASS SURFACE

APPROXIMATE
FILTERS WATER LEVEL

Fig. 5General Arrangement, of Settling and Filtration Tank
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Fig. 6Water Manifol& at TPop of Roll Roofing Test Surface



Fig- Fallout Dispersr Mou~nted Above the Test Planes
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Fig. 8Individual Fallout Disperser
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of the particles were fed to the nozzle wbere an air stream picked it up
and blasted it against the deflector plate. The particles scattered an
fell over the 8 x 8-ft area covered by each individual disperser. A
detailed description of this dispersal system is given elsewhere.14

3. D PWCEMR

Preliminsa tests were conducted on all test surfaces except tar and
gravel with 30, 45, and 60-min fallout periods, to determine if the
length of the dispersal period had a significant influence on the effec-
tiveness of the washdown.

A fallout period of 30-min at a rate of 2 gram/min/ft 2 was used in
all the effectiveness studies because it is a high rate that exceeds
w1at norxmll might be encountered in fallout from multimegaton land
surface nuclear detonation.

In all fallout removal tests, fallout dispersal was started after
the wasbdown water was turned on and the test surfaces were completely
wetted. The wasbdown water was a.llowed to flow for an additional 30-min
after cessation of fallout. This washdown period was determined to be
sufficient to remove the maximum amount of material that could be removed
by the washdown system.

The particles removed from the surfaces during this 1-hr washdown
period were collected in 200 mesh sieves (Fig. 9). After the washdown
water was turned otff, the sieves were replaced, and the residual fall-
out simulant on the surfaces was removed by a 30-min flushing manually
with a garden hose. Longer and repeated flushing removed more material
but the additional percent removed was very small after the first 15-min
flushing period (see Table 1). A 30-min post-washdown flushing with a
garden hose was selected as standard procedure instead of a 15-min flush
for added assurance of effective removel.

The simulated fallout particles removed during the vashdown period
and the residual particles later removed with the garden hose were
weighed wet by submerging the sieves and simulated fallout particles in
water, allowing them to drain for exactly 10-min, and then weighing them
on a platform scale. This technique eliminated the time delay in drying
the samples. The wet weight of the particles was determined in calibra-
tion tests to be 1.27 times the dry weight for the 177-350 p simulant and
the 1.29 for the 297-590 4 simulant.

The test conditions used for the various surfaces are sumarized in
Table II. One test run was made at each set of test conditions on all
test surfaces.

~14
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Fig. 9 Sieves Used to Collect Particles Removed From Roof
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TABLE I

Effect of Post-Washdown Flushing Time on Flushing Effectiveness
(Slope, 1:8; Particle Size, 177 to 350 1)

Test Surface Water Removed Residual as Determined by Flushing
Flow During With a Garden Hose for Different
(egm/ft) Wasbdown Flushing Periods

(grams) 15 min 30 min 45 min

Masonite 3.0 27,058 85 0.3 113 0.4 113 0.4
Aluminum 3.0 26,354 1418 5.0 1460 5.2 1602 5.7
ShinglesComposition 3.5 23,461 2721 10.4 2823 10.7 3189 12.0

Shingles

TABLE II

Test Conditions
(Roof Length - 48 ft)

(Particle Size 177-350 and 350-590 9)

Roof Surface Slope Water Flow Rate
(gal/min/ft of width)

Fiberglass Epoxy 1:24, 1:12, 1:8, 1:6, 1:4 0.3 to 5.0
laminate

Tempered Pressed 1:24, 1:12, 1:8, 1:6, 1:4 0.5 to 4.2
Board (Masonite)
Roll Roofing 1:24, 1:12, 1:8p 1:6, 1:4 0.5 to 6.0
Aluminum Shingles 1:24, 1:12, 1:8, 1:6, 1:4 1.0 to 6.0
Composition
Shingles 1:24, 1:12p 1:8, 1:6, 1:4 1.0 to 4.5
Tar and Gravel 1:24 and 1:12 3.0 to 8.0

16



The test procedure for the tar and gravel surface was modified to
include a 6&-min pre-wasbing to remove the loose gravel. The first test
on this surface was made at a slope of 1:12 with a water flow rate of
8.0 gal/min/ft of width.

At the conclusion of the test series outlined in Table II, a limited
number of tests were conducted on 12-, 214- and 36-ft lengths of all sur-
faces except. tar and gravel to determine the effect of roof length on
washdown effectiveness. This was done by covering the plane with i-ft
wide aluminum sheets, as shown in Fig. 10, and shutting off certain of
the dispersers. In all cases the nozzles remined at the top of the
surface and the washdown water flowed down the test surface under the
cover panels before it came to the exposed test area, where simulated
fallout material was being deposited.

4. RESULTS AND DISCUSSION

The 30-rin fallout period was selected on the basis of the results
given in Table III. These results show greater residual ass for longer
fallout periods, but very small variations in the percent residual figures.
These small variations are probably within the reproducibility of the
experiment, however it appears necessary to conduct additional studieste determine the effect of heavy mass loadings over longer fallout periods.

The ashdown effectiveness results, for five surfaces (excluding tar
and gravel) at the various slopes with different water flow rates, are
shown in Figs. 11 to 15 for the 177-350 1,L particles and Figs. 16 to 20
for the 297-590 p particles plotted as percent residual vs water flow
rate. The tabulated results are given in Appendix B. Of these 5 sur-
faces, composition shingles (Figs. 15 and 20) showed the highest percen-
tage of residual mass. A slope of 1:8 or higher and a water flow rate
of a least i gal/min/ft of width are required on this surface to reduce
the residual mass to less than 10 %. These same conditions on the com-
position roll roofing (Figs. 13 and 18) and the aluminum shingles (Figs.
14 and 19) reduced the residual to 5 % or less. A flow rate of only
2-1/2 to 3 gal/min/ft of width required on the aluminum shingle sur-
face at a slope of 1:8 to give at most 10 % residual mass and 2 to 2-1/2
gal/min/ft of width on the roll roofing. The laminated plastic surface
at a slope of 1:8 was washed clean of all but 1/2 % or less of the

17



Fig. 10 Reduction of Test Surface Length With~ Cover Plates
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particles with a water flow rate of ony 1 gal/mn/ft of width. The
required flow rate for all of these surfaces might be somewhat higher
wider field conditions due to surface irregularities.

No significant difference can be seen between the results obtained
with the two particle size ranges tested. Therefore data will be re-
quired on additional particle size ranges before the effect of particle
size can be determined.

The reproducibility of the results is shown in Fig. 19 where six
tests were made on the aluminum shingle surface at a slope of 1:4 with
a water flow rate of approximately 5.5 gal/min/ft of width. The average
percent residual was 0.66, with a standard deviation of + 0.16.

The tar and gravel surface at a slope of 1:12 was flushed with the
wvashdown water for 60-min before the dispersal of fallout material vas
started on the first run. The water formed several channels through the
gravel (Fig. 21)., and about 75 lb of gravel was removed. This was approxi-
mately 8-1/2 % of the 875 lb of gravel originaly on the test surface.
An additional 25 lb of gravel was washed off during the first run (No.
235), making a total of 11-1/2 % of the original gravel removed. The
surface retained 45 % of the fallout during this test with a water flow
of 8.0 gal./min/ft of width (Table IV). A water flow of only 4 gal/mn/ft
of width gave a residual of 615.

Prior to the start of run 238, all the loose gravel was removed with
a water hose, rubber squeegee, and shovel. A total of 573 lb of gravel
was removed, leaving approximately 35 % of the original gravel embedded
in the tar (Fig. 22). A flow of 8.0 gal/min/ft of width removed 86 %
of the fallout from the surface in this condition, but 3 gal/min/ft of
width removed only 47 % of the fallout.

With the slope of the plane reduced to 1:24, 8 gal/min/ft of width
removed only 49 % of the fallout, and 3 gal/min/ft of width removed
only approximately 35 5.

In general the larger particle size range, 350-590 g, gave 50 5
higher residual on the tar and gravel surface under the same test con-
ditions.

The effect of roof length on percent residual for several surfaces
is given .in Table V. The results with the different plane lengths are
identical except for minor variations.
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Fig. 22 Tar and Gravel Surface After Run 238,, With the Loose Gravel
Removed Showing Accumulated Fallout, Simulant
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5. nTRPRMTION OF RESULTS

The results presented in Figs. 1 to 20 show that the amount of
fallout removed by the washdown countermeasure on a roofing surface can
be varied over wide limits by changing the slope of the surface or the
water flow rate, or both. However the effectiveness of a washdown system
is limited to a great extent by the type of roofing surface. For example,
with fiberglass epoxy laminate it is possible to remove all but 1/10 of
1 % of the fallout, but on surfaces like composition shingles it is pro-
hibitively difficult to remove more than 92 to 93 % of the fallout.

Figures 23 through 27 show the slope and minimum water flow rates
on the various surfaces that will provide 90, 95, and 99 % removal of
the simulated fallout.

Figures 23 and 24 show the water flow required to give 90 % removal
for the different surfaces at various slopes for the 177-350 p and 350-
590 L Particles respectively. The tar and gravel surface is not included
because 90 % removal cannot be accomplished with washdown under the test
conditions. Figures 25 and 26 show the water flow required to give 95 %
removal for different slopes. The composition shingle surface is not
included because it retained 7 % or more fallout at all conditions tested.
If a removal of 99 % is required, the only surfaces which can be used are
the near-ideal surfaces. Figure 27 shows the water flow requirements to
remove 99 % of both sizes of fallout particles from the plastic surface
at various slopes.

6. CONOWUIONS

A slope of at least 1:8 and a water flow rate of at least 4 gal/min/
ft of width is required on the composition shingles to reduce the resi-
dual contamination to less than 10 %. A flow rate of only 2-1/2 to 3
gal/min/ft of width is required on an aluminum shingle roof at a slope
of 1:8 to give at least 90 % removal, and 2-2-1/2 gal/mn/ft of width
is required on roll roofing. A fiberglass epoxy laminated roof at a
slope of at least 1:8 will have more than 99 % of the fallout removed
with a water flow of only I gal/min/ft of width.
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Fig. 23 Minimum Water Required for 90 % Removal of
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Washdown is ineffective on a tar and gravel roof if the loose gravel
is not removed prior to turning on the washdown. After the loose gravel
is removed, up to 85 % of the simu.ant particles can be removed with a
flow rate of 8 gal/min/ft of roof width at a slope of 1:12.

No significant difference can be seen in the results obtained with
the two particle size ranges tested.

7. RECOMENDATIONS

It is recommended that: (1) tests be continued with the other par-
ticle sizes to determine if there is an effect of particle size on the
washdown effectiveness; (2) tests be conducted to study the effect of
fallout rate and total mass on washdown effectiveness.
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APPENDIX A

Sieve Analysis of Simulated Fallout

A. 177 to 350 g particles

Sieve Size Opening %Retained on SieveI

U.S. Bu. in Sample Sample Sample Sample Ave. of 4
Stds No. Microns No. I No. 2 No. 3 No. 4 Samples

45 350 2.1 1.1 2.1 2.5 2.0
50 300 13.5 8.9 13.0 14.7 12.5
80 177 79.5 84.2 81.0 79.8 81.
100 149 3.1 3.8 2.5 1.9 2.8
20 74 1.7 2.0 1.0 o.6 1.3
Pan - Trace Trace Trace Trace Trace

Total 99.9 100.0 99.6 99.5 99.7

B. 350 to 590 .particles

Sieve Opening % Retained on Sieve1
Size in Sample Sample Sample Sample Sample Ave. of 5

U.S. Bu. Microns No. I No. 2 No. 3 No. 4 No. 5 Samples
Stds No.

25 710 0.4 0.1 0.1 0.1 0.1 0.2
30 590 1.6 1.2 0.9 0.9 0.9 1.1
35 500 16.1 15.4 11.9 13.1 12.3 13.8
40 420 39.0 40.4 38.0 40.2 39.4 39.4
45 350 38.5 38.0 41.9 37.3 41.1 39.4
an - 3.9 3.9 6.8 7.3 6.2 5.6

Total 99.5 99.0 99.6 98.9 99.6 995

1. Sample taken at random from supply hopper during tests.
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TABLE B.1

Surface - Tempered pressed board
Particle size - 177 to 350 P
Surface dimensions - 8 ft vide by 48 ft long
Fallout deposition - 2 grams/min/sq ft for 30 min
Washdon period - During fallout plus 30 min after fallout period

Run NO. Water Flow . 11oot )Ited& Residual
2

gal/nin/ft width Total (3am grin/eq ft Grame eREt
Deposited

Slope I to 24

161 1.15 13,261 1.15 3184 24.0
225 2.0 22,679 1.97 2938 13.0
162 2.1 24,478 2.12 3899 15.9
163 3.0 24,020 2.08 1017 k.2
31 4.1 22,355 1.94 447 2.0

Ave. 1r5

Slope 1 to 12

160 0.5 20,076 1.74 927 4.6
141 0.5 22,019 1.91 1195 5.1t
140 1.0 19,685 1.71 67 0.3
139 2.0 22,165 1.92 56 0.3
138 3.0 eo,969 1.82 89 o.4
228 3.0 25,002 2.17 89 0.4
13 3.8 22,946 1.99 3O 0.6
227 3.8 19,986 1.72 78 o.4

Ave. 1.7
81oe 1 to 8

111 0.5 23,348 2.01 291 1.2
112 0.5 21,070 1.83 380 :1.8
11 o. 5 2.09 380 1.5

1.0 21,729 1.89 145 0.7
115 1.6 25,718 2.23 112 0.4
a6 2.0 23,260 2.02 134 0.6
230 2.0 23,215 2.02 89 o.4
117 3.0 27,1A7 2.36 89 0.3
118 3.8 26,7145 2.32 89 0.3
229 4.1 23,294 2.02 34 0.2
119 4.2 26,321 2.28 134 0.5

Ave. 70I
819je 1 to 6

128 0.5 22,198 1.93 145 0.7
129 1.0 23,1V 2.04 67 0.3
130 2.0 20,746 1.80 78 0.1
232 2.5 21,908 1.90 56 0.3
131 3.0 22,634 1.96 89 0.4
231 3.0 22,623 1.96 89 0.4
132 3.8 23,572 89 0.4

Ave. 1.95

Slope I to 4

125 0.5 22,220 1.93 101 0.5
1214 1.0 16,981 1.47 89 0.5
123 2.0 20,534 1.78 112 0.5
122 3.0 23,561 2.05 134 0.6
126 3.0 19,997 1.74 89 0.5
233 3.0 27,572 2.39 22 0.1
121 3.8 21,607 1.88 112 0.5
234 3.8 25,036 2. 1 56 0.2

AVe.

1. Vallout deposited or determined by actual veigfing.
2. Residual Fallout was determined by weghing the residual removed after completion of run.
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TABLE B. 2

Surface - Alnuinun shingle
Particle size - 177 to 350 t
Surface dimensions - 7.5 ft width by 48 ft length
Fallout period - 30 min
Washdown period - During fallout plus 30 min after fallout period

ftn No. Water Flow fluot Dera ldtal
gal/min/ft vidth Total Grams Oms/mln/s q ft Grams Peraent

Deposited

Slope I to 24

116 3.0 19,037 1.76 12,155 6 .8
163 3.0 24,600 2.28 13,417 -.
145 14.0 16,429 1.52 9,373 57.l
169 4.o 23,226 2.15 11,384 49.0
144 4.5 19,584 1.81 10,781 55.0
225 5.0 22,534 2.09 10,345 45.9
142 5.65 19,729 1.83 8,781 44.5
143 5.65 17,696 I.A4 8, 70D2 49.2
161 5, 13,362 i. 576 .
1& 5 23,103 2.14 8,993 3 .9

Ave. 179
Slope I to 12

14i 2.0 21,662 2.01 4,904 22.6
228 2.5 25,349 2.35 5,061 20.0
0 3.0 19,696 1.82 3,005 15.3

227 3.5 20,813 1.93 2,994 14.4
139 1.0 22,6 2.09 1,788 7.9
160 4.0 22, 288 2.06 2, 156 9.7
138 4.5 20,869 1.93 1,408 6.7
137 5.5 23,852 2.21 1,073 4.5

Ave. M

Slays I to 8

118 1.95 26,947 2.5o 1,955 7.3
119 1.95 26,243 2.43 1,989 7.6
230 2.5 23,539 2.18 1,508 6.4
117 3.0 27,616 2.56 1,262 4.6
229 3.5 23,763 2.20 1,162 4.9
116 4.0 24, 265 2.25 838 3.5
115 145 26,29 214 7014 2.7
111 5.1 23,896 2.21 536 2.2
f12 5.1 21,605 2.00 525 2.4
113 5.1 24, 813 2.30 581 ,
120 5.925 52944 2.145 76o2
11n4 5.5 2,40 2 0 525 2.3

Slope a to 6

231 1.0 21,953 2.03 2,022 9.2
128 2.0 22,455 2.08 1,084 4.8
129 0 23,830 2.21 771 3.2
130 20,947 1.94 536 2.6
131 4.5 2,455 2.08 480 2.1
232 5.0 22,433 2.08 369 1.6
132 5.5 23,908 2.21 402 1.7
136 5.5 10,2W? 1469 1.2

Ave. 2.0

slope 1 to 4

126 1.0 20,075 1.86 1,195 6.0
234 2.0 24,757 2.29 62o 2.7
125 2.0 22,757 2.11 637 2.8
1A 3.0 17,619 1.63 425 2.4
123 4.0 21,01 1.95 358 1.7
122 4.5 4,064 2.23 3146 1.4
127 4.5 51,190 2.37 436 0.9
121 5.5 22,388 2.07 391 1.7
233 5.9 28,019 2 279 1.0

Ave. 2.
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TABLE B.3

Surface - Composition shingle
Particle size - 177 to 350 i
Surface dimensions - 7.5 ft wide by 48 ft long
Fallout period - 30 min
Wsahdown period - During fallout plus 30 min after fallout

Run Yo. Water flow Fallout Deposited Resldual
'gal/sin/ft fld-th 'Totsl Grams Oram7fiin/sq ft Gram Percent

Deposited

slope I to 24

145 2.5 15,317 1.33 10,836 70.7
163 2.5 22,176 1.92 13,697 61.5
225 2.5 19,115 1.66 12,490 65.3
144 3.5 17,529 1.52 12,33 70.4
142 4.5 17,462 1.52 11,038 63.2
14.3 4.5 3.4,378 1.25 9,250 64.3
146 4.5 18,959 1,65 12,490 65.9
161 4.5 13,462 1.17 8,524 63.3
ia 4.65 22,143 2.!9 12,837 58.0

Ave. 155

Slope 1 to 12

.141 1.0 20,344 1.77 10,580 52.0
140 2.0 18,109 1.57 5,552 30.7
139 2.5 20,199 1.75 4,190 20.7
227 2.5 16,221 a.4i 3,977 24.5
159 2.5 15,607 1.35 3,731 23.9
163 2.5 20,461 1.78 5,117 25.0
138 3.5 17,696 1.54 3,821 21.6
228 3.5 23,316 2.02 5,497 23.6
:137 4.5 20,903 1.81 3,609 17.3

Ave. rw
Slope 1 to 8

230 1.0 20,969 1.80 4,312 2o.6
111 1.25 21,919 1.90 2,882 13.1
VU 1.2 19,350 1.68 2,737 14.i
13 1.2A5 22,601 1.96 2,905 12.9

11 ' 6t 19,752 1.71 2,804 14.2
13.9 i.66 24,690 2.14 2,983 12.1
115 1.95 .24,310 2.11 2,670 11.0
n16 2.5 22,422 1.95 2,547 11.4
UT 3.5 25,975 2.25 2,51

,  
9.7

Ile8 4..5 25,840 2.24 2,491 9.6
Ave. 1.97

Slope 1 to 6

128 1.0 20,266 1.76 2,927 14.4
232 2.0 20,U23 1.77 2,190 10.7
129 2.0 22,746 1.97 2,-38 12.4
231 2.5 21,227 1.84 2,190 10.3
130 2.5 2o,120 1.75 2,368 11.8
131 3.5 21, 61 1.86 1,933 9.0
229 3.5 240,11 1.77 3,631 17.8
132 4s.5 21,930 j2 1,821 8.3

Ave. 18

Slope 1 to 4

12' 1.0 21,025 1.82 2,726 13.0
23L 2.0 22,980 1.99 2,033 8.8
126 2.0 19,517 1.69 2,234 11.5
125 2.0 16,534 1.43 2,156 13.0
123 2.5 19,238 1.67 1,732 9.0
122 3.5 22,523 1.95 1,553 6.9
233 3.5 25,606 2.22 1,989 7.8
121 4.5 21,763 189 1,553 7.1

Ave. 1.83
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TABLE B. 4

Surface - Plastic
Particle size - 177 to 350 9
Surface dimensions - 8 ft wide by 48 ft long
Fallout period - 30 minutes
Washdown period - During fallout plus 30 min after fallout

Rim No. Water Flow Allout Deosited Residual
gal/min/f1t width Tot ls, Orwum/min/sq ft Orem Percent

Deposited

Slope 1 to 24

165 0.7 24,299 2.11 6,066 25.0
166 1.0 25,595 2.22 3,832 15.0
16 1.7 25,896 2.25 1,452 5.6
128 2.3 23,651 2.05 469 2.0
169 2.3 23,287 2.11 3.6 o.6

Ave. 156 0.

Slope I to 12

176 o.42 21,853 1.90 1,397 6.4
17 1.0 21,528 1.8799 4.671.8 21,126 1.83 134 o.6
173 3.0 19,797 1.72 45 0.2
177 4.0 22,232 1.93 45 0.2
171 5.0 21,138 1.83 45 0.2

Ave. .d

Slope 1 to 8

182 0.5 28,689 2.49 290 1.0
181 1.0 21,799 1.89 56 0.3
185 1.0 23,&0 2.05 67 0.3
180 2.0 21,272 1.85 34 0.2
184 2.0 22,153 1.92 44 0.2
216 2.0 27,215 2.36 45 0.2
212 30 23,093 2.00 22 0.1
179 14.0 24,478 2.12 34 0.1
178 5.0 25,539 2.22 34 0.1

Ave. 2.10

Slope 1 to 6

186 0.3 214,232 2.10 525 2.2
187 1.0 214,500 2.13 11 0.1
188 0.63 2,668 1.97 34 0.2
203 1.5 24,221 2.10 45 0.2
189 2.0 24,544 211 0.1

Ave. T-49

Slope I to 4

192 0.36 21,607 1.86 313 1.4
193 0.83 23,148 2.01 22 0.1
194 0.94 23,1495 2.04 34 0.1
195 1.8 22,422 1.95 11 0.1
200 23,484 2.04 45 0.219 212,522 3-522 0.

Ave. 1.97
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TABLE B.5

Surface - Rolled roofing
Particle size - rN to 350 9
Surface dimensions - 8 ft wide by 48 ft log
Fallout period - 3oC minutes
Washdovn period - During fallout plus 30 min after fallout

Rim No. water no# ftnaut Do ited -e±a
gal/Minift vidth TotI (Ia Gram./tnq ft (ruMS Percent

Depolited

Slope 1 to 24

165 1.0 26,667 2.31 15,406 57.8
166 2.0 28,063 2.14 12,1o 43.2
167 3.0 27,71 2.38 9,697 35.3
168 4.0 25,818 2.24 9,139 35.4
169 5.5 2, 5 2. 7,038 26.'

Ave 2.33

Sl81 I to 12

176 0.5 22,713 1.;7 1 5W 46.6
177 1.0 22,567 6,882 30.5
175 1.0 22,2 1.93 6,90 .1.0
i14 1.9 22,053 1.91 14,o55 18.4
173 3.0 21,942 1.90 3,441 15.7
172 3.9 23,226 2.02 2,469 10.6
171 5.3 23,048 2.00 2,20I 9.5
170 5.3 23,617 2.05 2,o1 8.5

Ave. 1.97

Slope 1 to 8

178 0.5 28,511 2.47 6,927 24.3
179 1.0 26,432 2.29 4,055 15.3
180 2.0 24,176 2.10 2,916 12.1
181 4.0 23,695 2.06 1,966 8.3
184 4.0 24,321 2.11 1,207 5.0
216 . 28,298 2.16 1,586 5.6
185 5.0 25, 60 2.23 972 3.8
182 6.0 31,996 2.78 1,164 3.7

Ave. 2.31

Slope i to 6

190 2.0 27,226 2.36 2,290 8.4
189 2.9 214,712 2.15 1,609 6.5
203 3.0 26,254 2.28 1,475 5.6
188 4.o 2. 860 3.7
187 4.8 26,132 2.27 749 2.9
186 5.8 24,019 2.09 402 1.7

Ave. 2.19

slope 1 to 4

196 0.84 23,272 2.02 2,112 9.1
195 1.1 22,868 1.98 1,742 7.6
200 1.1 21,131 2.09 1,553 6.
19 2.5 25,382 2.20 1,251 4.9
193 2.6 24,332 2.11 871 3.6
192 3.9 22,500 1.95 469 2.

Ave. 2.06
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TABLE B.6

Surface - Tempered pressed board
Particle size - 350 to 495 t
Surface dimensions - 8 ft wide by 48 ft long
Fallout period - 30 minutes
Washdown period - During fallout plus 30 min after fallout

Run Vo. Water Flow Fallout Deposited Residual

gal/min/ft width Total Grams Grams/min/sq ft Grams Percent
Deposited

Slope 1 to 24

278 0.5 13,213 1.15 8,604 65.1
279 1.0 15,499 1.35 6,688 43.2
280 2.0 18,696 1.62 9,709 51.0
281 3.0 18,422 1.60 4,006 21.7
282 4.0 17,032 1.48 909 5.3

Ave, 1

Slope 1 to 12

277 0.5 15,182 1.32 3,853 25.4
276 1.0 16,342 1.42 799 4.9
271 2.0 15,806 1.37 77 0.5
272 3.0 13,912 1.21 11 0.1
275 3.0 15,249 1.32 22 0.1i4
273 4.o 16,649 1.45 44 0.3
274 4.o 15,249 1.211 0.1

Ave. 1.3

Slope 1 to 8

265 0.5 11,854 1.03 339 2.9
266 1.0 15,937 1.38 66 0.4
267 2.0 14,691 1.28 33 0.2
268 3.0 15,072 1.31 11 0.07
269 4.0 13,580 1. 18 6 0.0o4

Ave. 1.25

Slope i to 6

264 1.0 11,516 1.00 66 0.6
Ave. 1.00

Slope i to 4

249 0.5 18,367 1.59 131 0.7
248 1.0 19,035 1.65 33 0.2
250 1.0 17,295 1.50 u6 0.4
252 1.0 17,507 1.52 88 0.5
253 1.0 14,669 1.27 66 0.5
247 2.0 w0,162 1.75 22 0.1
246 3.0 23,731 2.06 22 0.09
245 3.8 31,533 11 0.03

Ave. 1.76
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TABLE B.7

Surface - Aluminum shingle
Particle size - 350 to 495 9
Surface dimensions - 8 ft wide by )48 ft long
Fallout period - 30 minutes
Wazhdown period - During fallout plus 30 min after fallout

Run No. Water Flow Pallout Deposited Residual
gal/ma/ft vidtbi otal GraA is Gram/mn/eq ft Grams Percent

Deposited

Slope 1 to 24

282 2.0 17,831 1.65 13,518 75.8
281 3.0 20,147 1.87 13,234 65.7
280 4.0 21,947 2.03 13,365 60.9
279 4.5 19,516 1.81 iio66 56.7
278 5.5 16,1110 1.2 6,667 4o.6

Ave. 1.78

slope I to 12

276 1.0 17,438 1.61 11,680 67.0
275 2.0 17,220 1.59 6,012 35.1
274 3.0 16,824 1. 56 3,339 19.8
273 4.0 19,198 1.78 2,331 12.1
272 4.5 16,254 1.51 1,675 10.3
277 5.0 17,119 1.59 1,357 7.9
271 5.5 18,487 1,171 6.3

Ave. 1.62-f

slope I to 8

-269 2.0 15,358 1.42 2,594 16.9
68 B.0 17,208 1. 59 1,598 9-3

270 3.5 17,051 1.58 66 3.8
26 1-.0 16,627 1.554 909 5.5
266 4.5 i8,14o0 1.70 624 3.h
265 5.5 16,988 1.57 460 2.7

Ave. 1.57

Slope I to 6

26o 2.0 11, 621 1.65 2,003 11.2
261 2.0 19,737 1.83 1,970 10.0
262 2.0 18,72 1.74 1,675 8.9
264 2.0 17,3941 1.61 1,762 10.1
263 2.5 19,573 1.81 1,336 6.8
259 3.0 19, 7 1.80 876 11.5
258 4.0 19,37 1.79 6D2 3.1
257 4.5 18,881 1.75 405 2.2
256 5.5 23,370 2.16 318 1.4

Ave. 1.79

Slops i to 4

249 2.0 22,501 2,08 1,051 11.7
28 3.0 23,347 2.16 419 1.9
247 4.0 25,076 2.32 317 1.3
246 4.5 29,323 2.72 295 1.0
25 5.5 34,042 3.15 263 0.8
250 5.5 21,563 1.98 197 0.9
252 5.5 20,743 1.92 99 0.5
253 5.7 17,983 1,67 120 0.7
25 5.7 21,234 1.97 120 0.6
255 5-75 18,269 1.69 99 0.5

Ave. 2.17
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TABLE B.8

Surface - Composition shingle
Particle size - 350 to 49 5 4
Surface dimendions - 8 ft wide by 48 ft long
Fallout period - 30 minutes
Washdown period - During fallout plus 30 min after fallout

Run No. Water Plow FWllout Deposited Residual
gal/nan/ft width Total Grams Gra-min/q ft Grams Percent

Deposited

Slope i to 24

278 2.0 11,538 1.00 lO,498 91.0
279 2.5 14,930 1.30 14,197 95.1
280 3.5 17,O21 1.48 16,o58 91.3
281 4.5 16,879 1.47 14,810 77.4
282 5.0 15,4O1 14 3,033 91.1

Ave. 1.32

Slope I to 12

275 1.0 14 492 1.26 9,588 66.2
274 2.0 13,661 1.19 2,977 21.8
277 2.0 14,592 1.27 3,426 23.5
27 2.5 15,468 1. 34 2,463 15.9
276 2.5 15,172 1.32 3,470 22.9
272 3.5 13,114 1.14 2,474 18.9
271 4.5 13,519 1.1 1,565 11. 6

Ave. 11

Slope I to 8

269 1.0 12,479 1.08 4,280 34.3
268 2.0 13,805 1.20 1,894 13.7
267 2.5 13,191 1.14 1,937 14.7
266 3.5 14,471 1.26 1,686 11.7
265 4.5 15,455 1.34 1,116 7.2
270 4.5 13,412 16 996 7.4

Ave. 1.20

Slope 1 to 6

26o 1.0 13,761 1.19 3,4o4 24.7
259 2.0 15,041 1.31 1,948 13.0
261 2.0 15,554 1.35 1,883 12.1
258 2.5 15,050 1.31 1,981 13.2
257 3.5 13,979 1.21 865 6.2
201 3.5 15,915 1.38 1,412 8.9
256 4.5 17,458 1.52 1,412 8.1
262 4.5 15,380 1.33 1,861 12.1
263 4.5 15,160 132 1,522 10.0

Ave. 1.32

slope i to 4

249 1.0 16,353 1.42 2,605 15.9
248 2.0 17,579 1.53 2,036 11.6
247 2.5 18,859 1.64 1,828 9.7
246 3.5 22,832 1.98 2,386 10.5
250 3.5 16,167 1.40 1,018 6.3
252 3.5 14,656 1.27 624 4.3
253 3.5 13,310 1.16 657 4.9
245 4.5 29,214 2.54 1,850 6.3
251 4.5 10,978 0.95 974 8.9
254 4.5 16,189 1.41 446 4.o
255 5.0 14,404 1.25 657 4.6

Ave. 1.50



TABLE B.9

Surface - Plastic
Particle size - 350 to .95 .

Surface dimensions - 8 ft wide by 48 ft long
Fallout period - 30 minutes
Washdaown period - During fallout plus 30 min after fallout

Tom No. Water Flow Fallout. eo Ltg ,efdia l
gal ai /ft vidt Total Grams Orama Vq Grams Prcen

Depocitd

sloe I to 214

287 1.0 17,044 1.48 3,29 18.9
288 1.7 3.,846 1.0 558 4.0
285 1.9 8,T914 1.63 197 1.1
286 1.9 17,252 1.50 1.0
284 3:3 19,199 1.67 186 1.0
283 0 18,039 1. 5T 252 1.4

Ave. 1.5

Slope 1 to 12

294 0.5 18,486 1.60 1,o62 5.7
290 1.0 16,780 L,46 263 1.6
291 1.0 5, 521 1.35 142 0.9
289 1.7 1 #,974 1.30 11 0.07
292 2.0 16,841 1.46 6 0.03
293 3.3 17,294 1.50 22 0.13

Ave. 1,.w

Slope 1 to 8

295 0.5 17,044 1.48 657 4.0
296 1.0 13,990 1.21 55 0.4
297 2.0 18,137 1.57 11 0.06
298 3.3 17,2 9 1.50 11 0.06
299 3.3 17,57 1.53 6 0.03
300 3.3 17,733 1 0 0

Ave. 17

Slope i to 6

305 0.3 19,757 1.71 591 3.0
30o4 1.0 18,072 1.57 11 0.06
303 1.4 18,575 1. 61 1. 0.06
302 3.3 17,646 1.53 11 0.06
301 3.8 17,092 1.48 6 0.03

Ave. I-=

Slope I to 4

306 0.2 17,995 1.56 515 2.9
307 0.8 17,382 1.51 11 0.06
308 2.3 19,319 3.68 11 0.06
309 2.7 17,700 1.54 11 0.06
310 3.5 15,860 1.38 0 0

Ave. 1.53
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TABLE B.10

Surface - Rolled roofing
Particle size - 350 to 495
Surface dimensions - 8 ft wide by 48 ft long
Fallout period - 30 minutes
Washdown period - During fallout plus 30 min after fallout

Run No. Water Flow Fallout Deposited Residual
gal/mjn/ft width Total Grams Orems/min/sq ft Grams Percent

Deposited

Slope I to 24

288 1.0 14,635 1.27 12,533 85.6
287 2.0 21,686 1.88 15,238 70.3
286 2.0 20,886 1.81 14,165 67.8
285 3.0 24,453 2.12 6,097 24.9
284 4.0 24,836 2.16 3,831 15.4
283 5.5 24,07o .09 3,065 12.7

Ave. . 9

Slope 1 to 12

289 1.0 19,440 1.69 6, 283 32.3
290 2.0 21,531 1.87 6, 316 29.3
294 2.5 20,405 1.77 2,474 12.1
291 3.0 20,031 1.74 1,401 7.0292 22,089 1.92 1,445
293 5.3 20,044 1.74 930 4.6

Ave. 1.79

Slope I to 8

295 1.0 21,751 1.89 2,638 12. 1
296 2.0 17,811 1.55 1,763 9.9
297 3.0 23,676 2.06 1,007 4.3
298 4.o 22,5o4 1.95 547 2.4
299 5.0 22,898 1.99 493 2.2
300 5.0 23,2o6 2.01 504 1.7

Ave. 1.91

Slope 1 to 6

305 1.0 25,755 2.24 3,010 11.7
304 2.0 23,873 2.07 1,511 6.3
303 3.0 23,983 2.08 1,314 5.5
302 4.0 22,822 1.98 5o4 2.2
301 5.0 22,395 1 263 1.2

Ave. 06

Slope I to 4

306 1.0 23,435 2.03 1,664 7.10
307 1.9 23,217 2.02 515 2.0
308 3.9 24,277 2.11 219 0.9
309 2.6 23,775 2.06 285 1.2
310 3.9 21,366 1 208 1.0

Ave. 2.01
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